Abstract-The present study investigated the contrast dependency of visual evoked potentials(VEPs) elicited by phase reversing sine wave gratings of varying spatial frequency. Sixty-ve trials were recorded for each of 54 conditions: 6 spatial frequencies (0.8, 1.7, 2.8, 4.0, 8.0 and 16.0 c deg ¡1 ) each presented at 9 contrast levels (2, 4, 8, 11, 16, 23, 32, 64 and 90%). At the lowest spatial frequency, the waveform contained mainly one peak (P1). For spatial frequencies up to 8 c deg ¡1 , P1 had a characteristic magnocellular contrast response: it appeared at low contrasts, increased rapidly in amplitude with increasing contrast, and saturated at medium contrasts. With increasing spatial frequency, an additional peak (N1) gradually became the more dominant component of the waveform. N1 had a characteristic parvocellular contrast response: it appeared at medium to high contrasts, increased linearly in amplitude with increasing contrast, and did not appear to saturate. The data suggest the contribution of both magnocellular and parvocellular responses at intermediate spatial frequencies. Only at the lowest and highest spatial frequencies tested did magnocellular and parvocellular responses, respectively, appear to dominate.
INTRODUCTION
Subcortically, the primate visual system consists of at least two streams, the parvocellular and magnocellular pathways, named after the lamination in the lateral geniculate nucleus (Maunsell and Merigan, 1993) . One long held view is that these two pathways, which are anatomically differentiated, carry different classes of information (see Livingstone and Hubel, 1987, 1988; Shapley, 1990) . Studies of human and non-human primates have typically used stimuli thought to differentially favor the activity of the parvocellular versus magnocellular pathways to investigate their unique roles. Stimuli favouring the parvocellular pathway have included those with colour contrast or high spatial and low temporal frequencies, whereas stimuli favouring the magnocellular pathway have included those with low-luminance contrast or those with high temporal and low spatial frequencies (Livingstone and Hubel, 1987; Murray et al., 1987; Lee et al., 1989; Merigan, 1991; Vassilev et al., 1994; Valberg and Rudvin, 1997) . The choice of such dichotomous stimuli has resulted in the postulation that the activity of the two retinocortical pathways is functionally distinct (Livingstone and Hubel, 1987, 1988; Shapley, 1990) , with cells in the parvocellular division responding to colour contrast, having a higher spatial resolution, lower sensitivity to luminance contrast, and a slow contrast gain, and cells in the magnocellular division responding faster, having a higher temporal resolution, higher sensitivity to luminance contrast, and a rapid contrast gain.
More recently, because of growing anatomical and functional evidence suggesting a substantial degree of overlap between the two pathways, several researchers have begun to challenge the view of a strict segregation of the two visual pathways (see DeYoe and Van Essen, 1988; Lennie et al., 1989; Dreher et al., 1996; Schiller, 1996) . Physiological and behavioural evidence from non-human primates indicates that there is extensive overlap between the basic low-level functions of the parvocellular and magnocellular pathways. Measures of unicellular activity in the primate lateral geniculate nucleus indicate that both pathways respond optimally to the same range of spatial and temporal frequencies (Hicks et al., 1983; Derrington and Lennie, 1984) , and have similar spatial resolution (Kaplan and Shapley, 1982; Marrocco et al., 1982; Hicks et al., 1983; Blakemore and VitalDurand, 1986; Crook et al., 1988) . Further, behavioural measures of visual function following selective lesions of the parvocellular or magnocellular pathways in the monkey indicate a large degree of overlap between the spatial and temporal contrast sensitivity functions of the two pathways (Merigan, 1991) .
In humans, the analysis of visual evoked potentials (VEPs) has often been used to assess the response of the parvocellular and magnocellular retinocortical pathways to various types of visual stimuli. For example, it has been shown that conditions favouring parvocellular activity, namely, isoluminant colour contrast (Murray et al., 1987; Tobimatsu et al., 1995; Valberg and Rudvin, 1997) and higher spatial frequencies (Vassilev et al., 1994) , contribute differently to the VEP waveform than conditions favouring magnocellular activity, namely, apparent motion (Tobimatsu et al., 1995) and lower spatial frequencies (Vassilev et al., 1994) . However, the
